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@ DC regulated power source apparatus.

@ DC regulated power source apparatus for incorporation
in electronic devices which, when equipment such as a sequ-
ence controlier or numerical control unit for controlling a
machine tool is subjected to maintenance or inspection,
require that a power source voltage be shifted from a refer-
ence voltage by a fixed value. The DC regulated power source
apparatus includes a first output voltage adjuster (4) capable
of adjusting an output voltage (Vo"} to a desired value by
means of a rheostat, and a second output voltage adjuster (18,
17) operated after the output voltage (Vo"} has been adjusted
to the desired value by the first output voitage adjuster, the
second output voltage adjuster being capable of shifting the
adjusted output voltage (Vo") by a prescribed amount to a
value higher (18} or lower (17) than the desired value by
simple manual or automatic switching (16, 19 to 23).
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DC_REGULATED POWLR SOURCE APPARATUS

This invention relates to a DC regulated power
source apparatus, and morc particularly to a DC regulated
power source incorporated in an electronic device.

Electronic devices, such as communications
equipment or sequence controllers and numerical control
units for controlling machine tools, generally incorporate
a DC regulated power source device which supplies their
electronic components with a regulated DC voltage. These
DC regulated power saurces include a reference power source
for generating a reference voltage, as well as an output
voltage cdﬁtrol element. The oﬁtput voltage control
element constantly compares the output voltage against
the reference voltage and functions to hold the output
voltage constant at all times by restoring the output
voltage to the reference voltage when the former attempts
to rise, or by raising the output voltage up to the refer-
ence voltage when the former attempts to drop.

The DC regulated power source devices referred
to above usually produce the reference voltage through
use of a Zener diode. However, since Zener voltages
can differ slightly even for Zener diodes of the same
type or grade, using the voltage obtained fiom such
diodes as a reference voltage results in irreqgularities
among the devices that receive the output voltage from
the DC regulated apparatus. It is therefore conventional
practice to employ a Zener diode of a higher Zener volt-
age than the refercence voltage, and to divide this high

Zener voltage down to an accurate reference voltage by
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means of a potentiometer.

When a machine tool is inspected or subjected
to maintenance after installation in a factory, or when
an inspection is carried out during the course of manu-
facture, there are cases where an operating margin test
is conducted by shifting the operating voltage of a
numerical control unit or sequence controller in the
plus or minus direction by a prescribed value with
respect to a rated voltage. When varying the voltage
in this fashion, it is conventional practice to rotate,
by small increments, the potentiometer which is used to
divide the Zener voltage, thereby shifting the output
voltage toward a prescribed value while closely observ-
ing an output voltmeter.

On the other hand, a hardware operating check
has been facilitated greatly by automating the checking
procedure or by providing machine tools, or the electronic
devices which they incorporate, with a self-diagnosing
function. It would be very convenient if the operating
margin check could be interlaced with the other operating
checks since this would permit a confirmation of the
operating margin of the circuitry. However, since the
output voltage has heretofore required to be adjusted
by the manual operation of a potentiometer as described
above, it has not been possible to insert into a series
of automated testing steps an additional test step for

confirming the operating margin of the circuitry.

¢



10

20

30

0031987
-3-

According to the present invention there is provided
a DC regulated power source apparatus for controlling
an output voltage so as to limit the difference
between the output voltage and a reference voltage
to zero, which apparatus comprises a differential
amplifier for detecting a difference in voltage
between the reference voltage and output voltage, and
a voltage control circuit responsive to an output
signal from said differential amplifier to control
the output voltage in such a direction as will
limit said difference in voltage to zero, characterised
by first output voltage varying means for setting
the output voltage to a prescribed value, and
second output voltage varying means for temporarily
shifting to a preset value the output voltage which
has been set to said prescribed value by said first
output voltage varying means.

An embodiment of this invention can provide a DC
regulated power source apparatus for incorporation -

in a variety of electronic equipment,




10

20

30

0031987

—4-
the output of which apparatus can be finely adjusted
to correct for discrepancies in the reference voltage of
a reference power source, and which allows the output
voltage to be shifted to a preset value by an operation
command signal which does not require the intervention
of an operator, or by a simple switching procedure
performed by an operator.

An embodiment of the present invention can provide
a DC regulated power source apparatus those output
voltage can be finely adjusted in a continuous
manner.

An embodiment of the present invention can provide
a DC regulated power source apparatus whose output
voltage, which has been adjusted to a prescribed
value, can be shifted manually or automatically
by a fixed amount.

An embodiment of the present invention can provide
a DC regulated power source apparatus which, when the
output voltage is shifted to a fixed voltage that is
higher than a prescribed value, minimizes any error
in the output voltage even if a reference voltage fluctu-
ates.

The present invention will be more clearly
understood by referring to the following detailed
description when considered in conjunction with the

accompanhying drawings wherein:
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Fig. 1 is a block diagram of a conventional
DC regulated power source apparatus;

Figs. 2 and 3 are block diagrams of conventional
DC regulated power source apparati whose output voltages
are capable of being varied;

Fig. 4 is a circuit diagram illustrating a
first embodiment of the present invention;

Fig. 5 is a circuit diagram illustrating a
second embodiment of the present invention;

Fig. 6 is a simplified circuit diagram of the
second embodiment shown in Fig. 5;

Fig. 7 is a simplified circuit diagram of a
third embodiment of the present invention and;

Fig. 8 is a simplified circuit diagram of a

fourth embodiment of the present invention.

Illustrated in Fig. 1 is a functional block
diagram of a typical DC regulated power source apparatus
which has long been known in the art. The apparatus
includes a rectifying and smoothing circuit 1, a voltage
control circuit 2, a differential amplifier 3, and a
reference voltage power source 4 which supplies a refer-
ence voltage Eg. The differential amplifier 3 detects
a difference in voltage between the reference voltage
Es and an output voltage Vg, and responds by controlling
the voltage control circuit 2 in such a manner that the
difference in voltage is limited to zero, thereby equaliz-
ing the output voltage Vn and reference voltage Eg at
all times. A Zener diode is employed in the reference

voltage power source 4.. However, though Zener diodes
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may be of an identical type or grade, it is common for
such diodes to provide Zener voltages which differ from
one another to an extremely small degree. A prescribed
voltage therefore cannot be obtained with the apparatus
of Fig. 1 as long as it is not possible to acquire Zener
diodes which can provide Zener voltages which are identi-
cal to the reference voltage Eg. It is for this reason
that the systems shown in Figs. 2 and 3 are adopted in
the prior art. 1In Fig. 2, for example, a rheostat 5 is
employed to divide 'the reference voltage Eg, with the
output voltage %5 being adjusted to a desired value
within the range of the reference voltage Eg. In Fig.
3, the output voltage Vj is adjusted to a prescribed
voltage through multiplying the reference voltage Eg

by the ratio of the resistance value R of rheostat 5 to
the divided resistance r.

The present invention, as will be described
hereafter in connection with embodiments thereof, is
based upon the DC reqgulated power source apparatus of
the types shown in Figs. 1 through 3, in which a differ-
ential amplifier is used to compare an output voltage
against a reference voltage, with a voltage control
circuit being controlled in response to the output of
the differential amplifier to hold the output voltage
of the apparatus at a prescribed value.

Fig. 4 is a circuit diagram illustrating an
embodiment of the present invention. The arrangement
includes a rectifying and smoothing circuit 11, a volt-
age control circuit 12, a differential amplifier 13,

a reference power source 14, a variable resistor 15,



10

20

30

-7~

a total resistance R, a thrce-point type switch 63,1agd87
rheostats 17, 18 having respective resistance values of
R; and R,.

The arrangement of Fig. 4 operates as follows.
Movable contact a of switch 16 ordinarily is switched
to neutral pole N. The output voltage V " is decided
by the voltage dividing ratio o (a = r,/R) determined
by variable resistor 15, and the reference voltage Eg.
In other words, Vp" = Ega. When a difference between
the output voltage V," and a reference value is observed
because of a variance in the Zener voltage of the Zener
diode that constructs the reference voltage source 14,
the output voltage Vy" is set to the reference value as
in the prior art by adjusting the rheostat 15 to change
the dividing ratio a. The reference voltage Eg of the
reference voltage source 14 is preset to a value which
is higher than the operating voltage of the electronic
circuitry, such as a value which is twice the operating
voltage.

If the movable contact a of switch 16 is now
switched from the neutral position N to a low voltage
position L instead of changing the dividing ratio o by
manipulating the rheostat 15, a variation in the dividing

ratio o will obey the following relationship,

~ri//Ry =. 1
T //R ¥ T, <a , where ri1//R, 75, F17K,

The above equation shows that the output volt-

L

age Vp" drops to a fixed value by varying the dividing
ratio o until it attains the value oj,. The fixed value
to which the output voltage VO" drops can be varied by

changing the value of R; through adjustment of the

-
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original value can be accomplished merely by switching
the movable contact a back to the neutral position N.
If the movable contact a of switch 16 is
next swithed from the neutral position N to a high
voltage position H, the variation in the dividing ratio

o now will obey the following relationship,

_ by} 1
®H = ¥1+r,//R, 1/r,+1/R,

The above equation shows that the output volt-

>a , where ro//Ry =

age VO" rises to a’fixed value by varying the dividing
ratio until it attains the value ay. The fixed value
to which the output voltage Vg" rises can be varied

by changing the value of R; through adjustment of the
rheostat 18. As before, the output voltage Vo" can be
restored to the original value merely by switching the
movable contact a back to the neutral position N. The
movable contact a can be switched over manually or
automatically through the use of suitable drive means.
Onc¢ example in which the latter can be accomplished is
by means of an electromagnetic switch whose contact is
adapted to be -switched over by an electromagnetic force.

Another embodiment will now be described in

which output voltage is shifted to a fixed value higher
or lower than a reference voltage, wherein the shift is
accomplished automatically, by a command signal, or
manually. Such an embodiment is shown in Fig. 5 in
which portions that bear the same reference numerals

as those in Fig. 4 are similar thereto and peed not be
described again.

Turning now to Fig. 5, a switching circuit is

Fid
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designated gecnerally at 19, the circuit %ncluding sta-
tionary contacts h, n, 1, a movable contact M, and a
drive circuit 191 for actuating the movable contact M.
Drive circuit 191 has a signal input terminal S. Movable
contact M is switched to stationary contact n when signal
input terminal S is at zero potential, to stationary
contact h when input terminal S is at a positive poten-
tial (+5 volts), and to stationary contact 1 when input
terminal S is at a negative potential (-5 volts).
Rheostat 17 is connected to stationary contact 1, and
semi-fixed variable resistor 18 to stationary contact
h. An OR gate 20 has its output side connected to the
signal input terminal S of drive circuit 191, and has
one input terminal X connected to a driving signal gene-
rator and its other input terminal connected to the
variable contéct of three-point switch 21. Sources of
+5 and -5 volt signals are shown at 23 and 22, respectively.
When automatically shifting the output voltage
by a fixed value to a level which is lower than a pre-
scribed value, a -5 volt signal from the driving éigna%
generator is applied to the input terminal X of OR gate
20, whereupon the signal is delivered to drive circuit
191 through the OR gate. Drive circuit 191 responds by
switching the movable contact M to the stationary con-
tact &, whereby the output voltage is shifted downward
by a fixed value as in the foregoing embodiment. When
automatically shifting the output voltage by a fixed
value to a level which is higher than a prescribed value,
a +5 volt signal from the driving signal generator is

applied to the input tcrminal X of OR gate 20, whereupon
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the signal is delivered to drive circuit 191 tégghgh the
OR gate. Drive circuit 191 now responds‘by switching
the movable contact M to the stationary contact h, where-
by the output voltage is shifted upward by a fixed value
as in the foregoing embodiment. On the other hand, no
signals are delivered to drive circuit 191 from the
driving signal generator when the output voltage is to
be maintained at the prescribed value. On such occasions
the movable contact M is switched to the stationary con-
tact n. If it is now desired to shift the output voltage
upward or downward by a fixed value through a manual
instead of the automatic method, the three-point switch
21 need only be manipulated by hand to apply the +5 volt
signal or -5 volt signal to drive circuit 191.

In each of the foregoing embodiments, the
range over which the output voltage is shifted from the
reference value, that is, upward or downward from the
reference value by the fixed value, is decided by the
value of the reference voltage Eg, the value of the
resistors, r,, r,, and the value of resistor R; or R,.
Fig. 6 shows a simplification of the circuitry of the
two foregoing embodiments in order to simplify the

description of the invention. It should first be noted

s

that Eg = 45, Eg = V,'",and
ro = r;//rz = f (ES' vol R)r
where ry1//xr, = T7ET%T7EE . The range AV4" over which

the output voltage is varied in the circuit of Fig. 6
is defined by the following:

" . Yo

1) AVI = Eo m—gn

where AVQ;, represents downward change when the output
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voltage is lowered by a fixed value from the ppegc%:!b%<§7
value, and .
" I'o

2) OVoy = (Eg - EO)FR—? ,
where Ang represents upward change when the output
voltage is raised by a fixed value from the préscribed
value.

From the above it can be understood that, in
the two foregoing embodiments, the closer the reference
voltage Eg is to Eg, the more‘Ang is influenced by
fluctuation in the'reference voltage Eg, 2nd hence,
the more Avgu itself fluctuates. Accordingly, when
switch 16 is changed over to alter the value of the
resistance that loads the reference voltage source, the
current flowing through the Zener diode undergoes a
large change. If the Zener voltage experiences even
a small variation, this is accompanied by a fluctuation
in the output voltage, the value of which will therefore
differ from the design voltage. Hence, an embodiment
which will be described next is adapted to enhance the
precision at which the output voltage is raised by a
fixed value from the prescribed value.

In this third embodiment as illustrated by
the circuit diagram of Fig. 7, Eg 1is a separate power
source of a higher voltage than Eg, and is suitably
regulated by a Zener diode or the like. The range Vgé
over which the output voltage is varied when terminals
H and T are interconnected is given by the following
equation,

Ay = (Be - Eo) —— =

If Eg is suitably stabilized to a grcater extent that
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Eo, then the/only fluctuation in AVgGy will be due to rg
(where rgy is a function of Eg, V5', and R.) This fluctua-
tion due to ry can be substantially suppressed by adopting
the circuit shown in Fig. 8, wherein the equivalent cir-
cuit shows a resistor rp' inserted in series with resistor
ro, where ro'>» r,. Adopting this circuit affords a fur-
ther improvement in precision.r This arrangement also
enhances the precision at which the output voltage is
lowered when terminals T and L are interconnected.

As evident from the foreqgoing description,
the present invention includes first output voltage
varying means for setting an output voltage to a pre-
scribed value, thereby allowing a variance in reference
voltage to be corrected. The invention further includes
second output voltage varying means for temporarily shift-
ing the prescribed output voltage, set by the first vary-
ing means, to a preset value, thereby allowing the output
voltage to be shifted through a simple operation whenever
maintenance and inspection are. performed. This eliminates
the troublesome adjustment procedure encountered in the
prior art, wherein adjustment must be performed while a
voltmeter is observed. Moreover, actuating the.output
voltage varying means by an externally applied signal
allows a test step for confirming circuit operating
margin to be inserted into a series of automated test
steps. Further, when shifting the output voltage upward
from a refcrence voltage by a constant value, two refer-
ence voltagc sources may be used to provide a voltage
difference which is divided down to a voltage that may

then be employed as the reference voltage which is applied
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to a diffcrential amplificr. The shifted voltage will

therefore attain a value in conformance with the planned

value.
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CLAIMS
1. A DC regulated power source apparatus for
controlling an output voltage so as to limit the
difference between the output voltage and a reference
voltage to zero, which apparatus comprises a differential
amplifier for detecting a difference in voltage
between the reference voltage and output voltage, and
a voltage control circuit responsive to an output
signal from said differential amplifier to control
the output voltage in such a direction as will limit
said difference in voltage to zero, characterised by
first output voltage varying means for setting the output
voltage to a prescribed value, and second output‘
voltage varying means for temporarily shifting to a
preset value the output voltage which has been set to said
prescribed value by said first output voltage varying
means.
2. A DC regulated power source apparatus according
to claim 1, in which said first output voltage
varying means is capable of continuously varying the
output voltage by a rheostat.
3. A DC regulated power source apparatus according
to claim 1 or 2, in which said second output voltage
varying means temporarily shifts the output voltage
which has been set by said first output voltage varying
means, to a higher or lower voltage in a discontinuous
manner.
4, A DC regulated power source apparatus according

to claim 3, wherein the value by which the output voltage
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is temporarily shifted can be finely adjusted by a
rheostat.
5, A DC regulated power source apparatus according
to any preceding claim, in which said second output
voltage varying means is brought into operation
manually.
6. A DC regulated power source apparatus according
to any one of claims'1l to 4, in which said second output
voltage varying means is brought into operation
automatically by an externally applied control signal.
7. A DC regulated power source apparatus according
to claim 5 or 6, in which said second output voltage
varying means can be brought into operation either
manually or automatically.
8. A DC regulated power source apparatus according
to any preceding claim, in which, when shifting the
output voltage to a higher voltgge by said second
output voltage varying means, two reference voltages
afe used to provide-a voltage difference that is
divided down to a voltage utilized as a reference voltage

which is applied to said differential amplifier.
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